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HIEN TUQNG LUONG ON BINH QUANG HOC TRONG
CAC LSA* V0T BUONG CONG HUONG FABRY — PEROT

DINH VAN HOANG — VU TUAN LAM

1. M& dbu

Jdicn trgag ludng 6n dinle quang hoc dang duge su luu v nghién cdu &
mhic u nude tren cd hai phuong dién 1y thuy&t va thye nghiém. Hueéng nghién
c@u !y (huyCl cha yéu trong linh vuc nay la xi& Iy chung thuyét bin cd dién
La ub hay xr dung phuong phap gin ding cta h¢ phuong trinh t&e do.

Sqloma—Stenholm [1] 33 xay dung Iy thuy8t ban ¢d difn (& kbéo sat hién
trenyg ludng &n dioh & nhdng laser ¢6 mé rong khéng dong nhit 1a ndi bat. Con
R. Mutler [2] da st dung gan dung phuong trinh (6¢ d¢ d& tim hidu cac dic
trurg o han cla hicn tvong néi trén trong cdce laser dang vong cling nhu Fub-
ryperot vaA chu ¥ dén cac ¢u€ 49 hoat dong don mode va da mode trong !aser.
Tuy nhi¢a Muller vin chi dirng & cac laser ¢6 m& réng dong nh&t 1a ndi bat,
Tro- ¢ oot s6 bij hao gln @iy [3], trén co s& phuong trinh tdc 46, chung t6i da
kAo sat d¥e g «ha hién tugng leang 8n dinh quang hoc vol laser ¢6 mo
rédng khving dono nhdt 14 ndi bit duéi dang céc laser vorg (Ring laser). Trong
cong trinh nay, chung tai chu v d&n cac laser ¢6 budény cong hudnn Fabry -
Perot d& co thé& trén co s’ cae k& gui thu dwoc danh gra vai tré cua hiéu rng
tao 6o Hole burning effect) cling nhwr eta mot so tham 8 vat li khiace trond su
Xuii bicn Wien tagng iedang Gn tinh quang hoe & cac lesei n6i - hung. P bao
uiyv chi vGutvinh bay &e hd hwong irinh co bn vi cac k& qud Trong s hoat
dong doa ade ciala-cr.

2. H¢ phaong trinh ¢co bhan:
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thofil ciia cAc mirc trén trong eic ngdn khuy&ch Jai va hip thyu 1a ¥, v&Y, chung
lién hé vé&i nhau bdi biéu thae v, = T,.

L}
H¢ phuong trinh t8c 44 moé t4 sy thay d3is3 f6 ton nj va nghich dicdé
tioh Iily trong cac ngin khuyéch dai N, va ngan hip thy N, la
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sin® (3—;;— m,z) d¥c treng cho sy phu thudc cuong dé mode tha j vao vi tri
khong gian theo truc z—trye budng cdng huwdng.

3. Hoat 4¢ong don mode:

‘Irong hoat dong don mode ta bo dau Z & (2) va (3). Coi nang lwong bom 4
déu theo tat cd cac mode va h¢ <0 mit }mﬂl d8i vdi cac mode la nhu nhau

LKy= X Sau khi khaf tri®n ham sin? (~n—~ m,z) = —-1~ [1 — cos (2 £l m,z)] ta
1. 2 L

nhan thiiv rding Ny, la ham bi€p thién nhinh so v&i ham cos (2 -:J— m,z) nén
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B¢ tinh t&ng ) ta sir dung cong thirc chuycn 18ng sang tich phan sau
l..l.
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E fCwu) — ﬁ“--f f(w)dw (6) € — B0 md réng khong dong nh4t
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Lac 46 phwongtrinh (5) con lai 1a (ki higu o = Lig
| B '6,h Fa6,h,

- — o a_'a . S ) ] 7
% (Q’ = ) [ 2V2 8 (h,Q, + 2)!2 2V 2 e(hb:Q,-H)“?] )
Bay !4 phuong trinh co bin cho phcp xde dinh dic trung crong d¢ mode Q, &
trang théai ding.

3.1. X4c dinh Q,

Xeét bai toan & gin ngudng phat, tirc 12 ta coi nhu Q; < 1 ta c6 th® khai
trifn gin dung bam cin frong (7), lic do phuong trinh (7) tré thanh

xb,hy Q3 - [4(h, + xb,)—mah_b, (6, — 6,)] Q;“ + [16 — 4m(6,b, — abyhy) —
- *g hahb (f)‘ - 6b)J QJ—4m —?— haﬁ. - f’-hh()b) == () (8)
| |
& day m = L

— Khi kh g ké d&n bie v s dong. ta ¢6 thd b’ qua s hang chira

ar

b
trong (%, lue do khuong trinh (8) ¢6 cac ngniém sau: hodac Op = 0.
1

holie s =+ —easmineas mah hy(o, -op) — I(h, + xhy) - [[4(h, + xh,) —
’ ;.)d.h.hb
— mabhy (0, —ay) |2 — 1620 by |1 - m(h,o, — xhyoy,)} )| (9)
Rbix =z lvabh, =i, = hihi Qj2.a chi con lai mo, nghi¢m la:

Q; - T‘\ [mh(aﬂ-u,,)— IJ (10)

RS rang theo (10), khi Ling o, thi @y tdng theo mot cach deon dian ta kh6ng thn
du e trang thai lud. g oo dinh, Ké iuan ndy hoan toan tirong tir nhur o [3].

— Khe ké des hive xg o dong: ta thay ring vol luser khi li.i__*B_ m~ 101 ]34 v
|

cuid nho nén o thd gidu (3) theo phieong pbip nhiéu loai, coi nghiem Q; cian

tin ¢ darg RS (\), T (11y

Trong o Jj ~hinh 1A cac nghi¢m da tim duge o (9), thay (I1)vao (8) gini lim

P dirore
J )
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m = (h.c.—-ahhdh)
Y _

Pn *= - (12.0)
4 — v (ho, —abyoy) — m ahhy (0, — ;)

m

b, “a(a(jj?-ﬂhh + 1) = ahyoy (b.()]zm + 4

Pjs = = - : -
e 3ab,b,Q%ps + Qs [8 (b, + aby) — 2amh,b, (6, = Gy)] —

B .
—4m (o,b, — agyby) — 16 + am b, hy (6, — 6,) (12,b)

Su pbu thudc Q,(6,) due ¢hi ra trén hinh 2, ta thiy xudt hién céc duongcong
trd nhur cac tde gid [2,3] tim duge. Bon ba tuong wrag voi nghiém Q.. doan bc
twong wng Vi nghié: Qg3 va doan be tuong ung v&i nghiém Q)

QA
n 5 I
1t —
Hinh 2 — Do thj su phuy
thuge Qy (6,) voi cac tham s6 ¢
a=4; 0y = 25,91
I' = 40MHz ; € == 1700MH.
o t bt
\\\_\\ C )
235 - 245 . fa

Hinli @ — bo thi su phuy thude
G (Qp) voi cic tham s a = 4, ) : :
g, 500 I == 10Hz ;€ = 1700MH/ I

# i e e ]

32 Pioe kien xudt hién ludng on dinh.
3.2, w -- Khi kbong k¢ d¢n bure xa ty ddng: luc d6 (7) <6 dung sau
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mg, b mao h,
% [Fee o  omateaan - ]t W
2v2 (b,Qj + 2) 2V2 (ah, Q5 + 2)Y
Ncéu Q; /0 thi (13) chi 6 th& xay ra khi him khuycéch dai G(P. T, ¢, 6,,..) =0
tron A6 han G ehinh 1a bidu thire trong diun ngodc moe & (13). K80 sa4t ham
Gt '3} cho thiy diéu kién xudt hicn leong 6n dink I
G(Q, == 0)="0 va GEQ,  Qy) -0 (11
troag d6 Qg6 la gia trima tai dé6 ham G dal gia tri cye dai. Tuy theo cae gia
tri thorg 88 moéi rudng wa digu kién (11) duoethda mim 1Ge @0 ludng Su dinh
s€& xuatl hién.
Dang bi€n ddi cta ham G c6 th& thdy trén binh 3. Theo hinh 3 thi khi
G, = O thi khongxudt hién tudngon dinh, khi tang ddn o, 18n té&i gia tri 6,100
thi fuonz 6o dinh xudt hicn, Cac didm D va E la cac didm 8n djnh con cacdiém
C i& kbAdng 3ndinh.
3 2. h — Khi k& dén birc xa tw dong.
Diéu kién xudt hicn ludng 6n dinh chinh la didu kién cun thiét d¢ cho céc
nohicm o (9) va (12) dong thei deong. Tir (12, a) ta ¢6 Qu  op > néu nhu
r 4

- (15)
€ h.()l == 'lth'b
Mat khac tir () ta th&y ring (5.3 >0 néu nhu
A (h, = ahy) — mahhy (0, — ay) = 0
I — m(o,h, —ao,h,) -0
Giial hié bt d;’lng thire niy sau d6 két hop voi (15) ta thu duaoc
LS N .
by (o, — a)) € h,e, — 2h,o,

(t6y chinh (a0 d cu kidn xudt bicn ledng 6o dinh kbhi tinh dén bie xa tu dong.
Mo khae ta o theé xac diabr dic¢u ki¢gn luing dn dinh ahér ticu chufin Rayhurwitz
[4] Lo pherong teinh d i O (8). Tinh toan cudi eing cling cho ta dicu kién  (186),

4 Két lufn:

Nho e phwwongtrinhitoc do ching téiddi Hm ra duoe dang ham dac frun s
cudng do mode Qpcyth ¢ ch® d§ san ngudng, efing nhir dién kicn xufll Lign
Iroing 6n & laser dod mode vai bufing cdng hudng Fabry - perot ehira vat Leu
hip thu bio hou.

Cac kot qui thu duce o day mot 1An nfa khang dinh vai tro cia sy khac
nbautrong b <% jle thoat o cde mitie Irén cla cde nguyén (it ong moi (rudng
khuveoh ¢ hy hap tg, Lién wrong haedng on dinh quang hoe chi ¢6 thé xudy
h'n khi he s8 tich thodt cua hai ngin 1a kbac nhau (a#1) k&l luin nay di duoc
chi ra & [3] voi cae laser dang vong. Ditu ding chu ¥ & day 1a diéu kiCu xufi,
bi'n ludng on dinh khéng chi phu thude vio x macon pliu thude vio cac da;
lrgng tac trirn cho vi trf cha c¢dc ngin khuyéch da’ hay bAp thu trong budng
c¢dne hudone, DAy clng la su khie bict n6i 1én vai tro cta hiéu rn s tao h&e (liole
birningeffect) trong su xuat hién ludng 6n dinh quang hoc.
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So sanh dudng cong thu duoe trén hinh 2 voi dirong cong Q; (o,) thu duge
& [3] v&1 cung cac gia tri tham s8 vat Iy nbu nhau con cho th&y duéng cong (18
& laser voi budng cdng hudng Fabry perot bi dich chuvén vé jhia bom khuy ¢ch
da’ 16n so v&i dudng cong tre & laser dang vong. nhw viy cuong dé modetrong
budng cong hudng Fabry perot sé nho hon so véi cwdng do mode trong laser
vong. Difu nay ciing pht hop vi k&t 1 an ciia Multer [2].

Anh hadng ctia hi¢u tng1ao hée ciing nhu vai tro cha mé réng khong dong
nhitlén bién trong ludng én dinh quang hoc sé duoe trinh bay trong bai bho
sau clia ching toi.
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$EHOMEH OMTHYECKOHW BUCTABUJIBHOCTH B JIHIT
C PESOHATOPOM ®ABPH -I1EPO

B sToft cTaThi MH paccMoTpcau GEHOMEH ONTHYECKOI 61HcTabHABHOCTII B
O.lHOMO10BOM pexuMe Jaaszcpa ¢ pe3onatopom Pabpu—nepo. Hs noayuennny
pPe€3Y1LTAaTOB NOKA34d10, YTO YC.IOBHS BO3HHKHOBCHHS ONTHYeCKOI GicTabHablio-
CTH HC TOABKO 3aBHCAT OT pasai4usl KospduuuenTon penakcauuu Bepxuero
SHCPreTiHqeCcKoro YpoBHA B yCHJIIBAKIICH H noraomaloueii syefikax, 1O H OT
MO.TOKCHHA 3THX siUCiiKaX B pa3onaTope. DTO TOKC ACHOE pa3aHdHe NO cpanne-
HH0 ¢ c.1ydaeM koapncsoro JTHIT (1asepa ¢ HacHIMAOMNIMCS noraoTe.cm),

Dinh Van Hoang, Vu Tuan i.uam

OPTICAL BIS ABILITY PITENOMENON IN LSA WITH
FABRY --PE<OT RESONATOR.

'n this paner we considercd the optical bistability phenomenon in one n ode
regitne for LSA with Fubry — perot resonator. Received results show that con-
dition of the appearence of histehil ty depends not only on the difference of
relaxation coefficients of the upper levels of atoms in amplifying and absorh-
ing cells Lutalso on positivn of these ecllsinresonator. Thisisa cleer difference
comparing with the cascof rir g 1.SA,

Bé man Vat L.y Quang pho
Truwong BIHTH Ha N5i Nhan bai thang  12/1986.
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